Activity-directed fractionation and isolation procedures were used to identify the antioxidant components of Boneset (Eupatorium perfoliatum). Dried powdered leaves were extracted with ethanol and subsequently fractionated into light petroleum, chloroform, ethyl acetate, and n-butanol fractions. The ethyl acetate fraction, which showed the strongest antioxidant activity, reducing power and highest phenolic content, was subjected to Sephadex LH-20 chromatography followed by repetitive preparative TLC to afford protocatechuic acid as the major antioxidant constituent, together with small amounts of other antioxidants (hyperoside, quercetin and rutin). Similar treatment of the n-butanol fraction, the second most potent fraction, yielded predominantly rutin and a trace amount of hyperoside as active constituents. The identity of the compounds was established based on direct comparison of spectral data (UV, IR, 1D-and 2D-NMR and MS) with those of authentic samples and literature values.
High levels of reactive oxygen species generated either by abnormal physiological processes, exogenous factors or reduced levels of antioxidant defenses are known to induce oxidative damage to biological macromolecules. There is now overwhelming evidence to suggest that such oxidative macromolecular and cellular damage eventually leads to the development of a variety of disease conditions including cancer, aging, atherosclerosis, ischemic injury, inflammation and neurodegenerative diseases [1a] . Since antioxidant compounds could reduce the risk of these disease conditions, many laboratories, including ours, have given special attention to the search of natural antioxidants for use as dietary supplements, food preservatives and medicine. [2a] . As part of our continued effort to establish the medicinal potential of herbal drugs based on Eupatorium species [2], the present study examines the antioxidant potential of Boneset. Through a systematic activity-directed phytochemical study, the antioxidant principles were isolated and identified to be predominantly protocatechuic acid and rutin. Other antioxidants, quercetin and hyperoside, were also isolated in small amount.
The active principle(s) responsible for the reputed medicinal uses of Boneset remains to be isolated and characterized, but several biologically active classes of compounds, such as sesquiterpenes and flavonoids have been previously reported from the plant [1c-1e] . In view of the known antioxidant activities of flavonoids and phenolic acids, the documented [1b] in several Eupatorium species is of interest. Despite this preliminary phytochemical report (which merely reports the detection of the above mentioned compounds), neither the antioxidant potential of the plant nor the level of these antioxidant compounds in Boneset extract have previously been established. The primary aim of the present study was then to establish the antioxidant potential of the plant and then identify the active principles through a systematic activitydirected fractionation procedure.
NPC Natural Product Communications
As shown in Figure 1 , the crude ethanolic extract of Boneset showed a concentration-dependent DPPH radical scavenging effect with an IC 50 value of 210.3 ± 16.1 (mean and SEM values, n = 4) µg/mL. Preliminary fractionation of the active crude extract was achieved with solvents of increasing polarity: light petroleum, chloroform, ethyl acetate and n-butanol. The DPPH-based radical scavenging assay revealed that the ethyl acetate fraction (IC 50 , 10.8 ± 1.3 µg/mL, n=4) was the most active fraction with activity about twenty times more potent than that of the crude extract (Fig. 1) . The n-butanol fraction was the second most active fraction (IC 50 , 42.5 ± 1.8 µg/mL, n=4) and was about four times more active than the crude extract. In contrast to the ethyl acetate and n-butanol fractions, the chloroform fraction displayed radical scavenging activity much weaker (IC 50 , 1039 ± 19.5 µg/mL, n=4) than the crude extract, while the light petroleum extract showed no detectable activity (Figure 1 ).
Given that the crude ethanolic extract of Boneset and its fractions displayed radical scavenging activity and the plant in general is known to contain phenolic compounds [1b], the total phenolic contents of the test samples were determined. In comparison to the crude extract (3.04 ± 0.3%, mean and SEM values, n=3) and fractions, the light petroleum fraction with no radical scavenging effect appeared to contain the least amount of total phenol (0.29 ± 0.02%, n=3). The ethyl acetate, n-butanol and chloroform fractions had phenol contents of 34.9 ± 3.2, 7.1 ± 0.4 and 1.8 ± 0.3% (n=4), respectively. In order to further see the relationship between total phenol content and DPPH radical scavenging activity of the extract and its fractions, a correlation graph was plotted (Figure 2) . A positive correlation, clearly showing an increase in radical scavenging activity (decreased IC 50 value) with increasing total phenol content was established (Figure 2) . A straight line (correlation coefficient r 2 = 0.2779) could not, however, be plotted from these data suggesting that there is no direct linear relationship between total phenolic content and DPPH scavenging activities. Since a mixture of several constituents is involved in producing the antioxidant effects of plant extracts and/or fractions, this non-linear relationship was expected [3a,3b] .
The antioxidant effects of many compounds have been shown to be related to the presence of reductones, which exert antioxidant action by breaking the free radical chain through donation of a hydrogen atom [3c]. The reducing capacity of a compound could thus further serve as an indicator of potential antioxidant activity. In the present study, the reductive capacity of Boneset extract and its fractions was determined based on measurement of Fe 3+ -Fe 2+ transformation. The concentrationdependent reducing power effect shown in Figure 3 suggests that the crude extract, as an electron donor, can react with free radicals to convert them to more stable products leading to termination of radical chain reactions. The result obtained for the fractions further established the same order of potency as that shown for the DPPH assay: i.e., ethyl acetate > n-butanol > crude extract > chloroform > light petroleum fraction.
In order to isolate and identify the active antioxidant principles of Boneset, the ethyl acetate and n-butanol fractions, which displayed by order of magnitudes more potency than the crude ethanolic extract, were taken for further activity-directed fractionations. Chromatography of the ethyl acetate fraction using a Sephadex LH-20 open column, followed by repetitive preparative TLC afforded the known antioxidant phenolics, protocatechuic acid, quercetin, rutin and hyperoside. The identification of these compounds was straight forward and was based on comparisons of the 1 H, 13 C, UV, and IR spectroscopic, and MS data with authentic samples and literature values [4] . Assignments of 1 H and 13 C spectroscopic data, as well as confirmation of structural assignments, were further supported by means of 2D NMR experiments (COSY, HSQC, HMBC and NOESY). This appeared to be the first report on the identification of protocatechuic acid from Boneset. Similar treatment of the n-butanol fraction on a Sephadex LH-20 open column revealed one radical scavenging fraction and several inactive fractions that appeared to be rich in polysaccharides. TLC analysis of this active fraction obtained from the Sephadex column showed that there was only one major phenolic constituent that could easily be purified using silica gel open column chromatography and this was identified as rutin. Similarly, the minor component of the n-butanol fraction was isolated and identified as hyperoside. The radical scavenging activities of all the isolated antioxidant compounds were tested using the DPPH assay. The mean IC 50 ± SEM values in g/mL obtained from four separate experiments were as follow: protocatechuic acid = 1.58 ± 0.16, quercetin = 2.45 ± 0.17, hyperoside = 6.07 ± 0.51, and rutin = 7.60 ± 0.78. Conversion of these IC 50 data to molar concentrations revealed the following order of potency: quercetin (7.25 µM) > protocatechuic acid (10.23 µM) > rutin (12.46 µM) = hyperoside (13.08 µM). These data clearly indicate that, as fractionation proceeds, a more active fraction could be obtained culminating in the isolation of very active antioxidant principles.
In conclusion, the present study demonstrated that the ethanolic extract of Boneset exhibits antioxidant activity that may account for the reputed medicinal uses of the plant for various ailments. Systematic activity-directed fraction and isolation procedures further resulted in the isolation and quantification of the antioxidant principles. As with protocatechuic acid, which was isolated from Boneset for the first time, the identification of rutin as a major phenolic constituent of the n-butanol fraction is of interest.
Experimental

General:
1 H NMR, 13 C NMR and 2D-NMR (COSY, NOESY, HSQC and HMBC) spectra were obtained on a JEOL 500 MHz instrument. A VG BIO-Q mass spectrometer equipped with an ESI z-spray ion source was used. Samples dissolved in methanol were directly injected into the mass spectrometer operating in a negative ion mode at a flow rate of 50 µL/mL. Either Sephadex LH-20 or Silica Gel 60 (Sigma Aldrich Chemical Company) was used as the adsorbent for open column chromatography (CC). Silica gel 60 F 254 plates (Sigma) were used for thinlayer chromatography (TLC). TLC analysis was routinely performed using CHCl 3 : MeOH (85:15) as the mobile phase and compounds were visualized under UV light. 1,1-Diphenyl-2-picrylhydrazyl (DPPH), Folin-Ciocalteu reagent, gallic acid, hyperoside, protocatecuic acid, quercetin, rutin and sodium carbonate were all from Sigma-Aldrich Chemical Company (Dorset, UK). Dried, powdered leaves of E. perfoliatum (of Hungarian origin) were supplied by The Herbal Apothecary/Natures Laboratory (North Yorkshire, UK).
Extraction of the plant material and initial fractionation:
The dried, powdered plant material (1 kg) was soaked in cold ethanol (4 L, twice) for two weeks. The material was filtered and the extract was taken to dryness under reduced pressure using a rotary evaporator to yield 22 g of crude extract. A portion of the crude extract (21 g) was suspended in water (500 mL) and successively re-extracted with 500 mL each (3 times) of light petroleum (yield: 13 g), chloroform (yield: 10 g), ethyl acetate (yield: 2.5 g) and finally n-butanol (yield: 1.2 g). All fractions were concentrated under reduced pressure using a rotary evaporator.
Activity-directed isolation of antioxidants from the ethyl acetate fraction: A portion (2 g) of the ethyl acetate fraction that showed the most potent radical scavenging activity was applied onto a Sephadex LH-20 (60 g) packed column, and eluted with CHCl 3 -MeOH (1:1). A total of 42 fractions of ca. 10 mL each were collected and combined on the basis of TLC analyses leading to seven series (pools I-VII): pool I (fraction 1-10), pool II (fractions 11-20), pool III (fractions 21-23), pool IV (fractions 24-27), pool V (fractions 28-31), pool VI (fractions 32-35) and pool VII (fractions 36-42). Pools III-VII, which showed radical scavenging activity, were further subjected to repeated preparative silica gel (SIL G-200 UV 254, 2 mm thickness) TLC (solvent, CHCl 3 : MeOH, 85:15) to afford protocatechuic acid (158 mg), quercetin (15 mg), gallate (12 mg), rutin (15 mg) and hyperoside (20 mg).
Activity-directed isolation of antioxidants from the n-butanol fraction:
The n-butanol fraction (1 g), the second most potent DPPH scavenging fraction after the ethyl acetate fraction, was similarly applied onto a Sephadex LH-20 (60 g) column to give four fractions: pool I (100 mL), pool II (25 mL), pool III (25 mL) and pool IV (100 mL). Pool IV, which showed the strongest DPPH scavenging activity, was further applied to a small silica gel 60 column (35 x 2 cm column size) and eluted with chloroform containing increasing amount of methanol. Fractions collected from 20-50% methanol gave hyperoside (17 mg), while those from 40% methanol gave pure rutin (102 mg).
Scavenging of DPPH radical:
The radical scavenging activity was measured, as a decrease in the absorbance of DPPH, by following our established microtiter-based assay [5] .
Total phenolic content determination:
The total phenolic content of the crude extract and fractions were determined with the Folin-Ciocalteu reagent and a gallic acid standard, as described previously [5] .
Measurement of reducing power:
Reducing power of extracts and fractions was assessed through measurement of Fe 3+ -Fe 2+ transformation, as described previously [3b] .
